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high heat resistant polyester resin having a main chain
formed by a structure derived from aromatic dicarboxylic
acid and alicyclic diol, wherein the melting point of the high
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ibility, heat resistance, and yellowing resistance and can be
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1
POLYESTER RESIN COMPOSITION HAVING
GOOD YELLOWING RESISTANCE AND
IMPACT RESISTANCE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to and the benefit of
International Application No. PCT/KR2012/011485, filed
Dec. 26, 2012, which published as WO 2013/100578 on Jul.
4, 2013, and Korean Patent Application No. 10-2011-
0144429, filed in the Korean Intellectual Property Office on
Dec. 28, 2011; Korean Patent Application No. 10-2011-
0144409, filed in the Korean Intellectual Property Office on
Dec. 28, 2011; and Korean Patent Application No. 10-2012-
0152533, filed in the Korean Intellectual Property Office on
Dec. Dec. 24, 2012, the entire disclosure of each of which
is incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to a polyester resin compo-
sition. More particularly, the present invention relates to the
polyester resin composition that can have excellent yellow-
ing resistance and impact resistance without deterioration of
reflectance and heat resistance of the polyester resin.

BACKGROUND OF THE INVENTION

Recently, polyester resin has been used as a as a material
for use in LEDs (light emitting diodes) devices. The poly-
ester has been used in LED components requiring excellent
energy efficiency and energy lifespan, such as reflectors,
reflector cups, scramblers and LED housings. The polyester
used in LED components is high heat resistance modified
polyester resin reinforced by glass fiber and including ben-
zene rings in the main chains of the polyester.

Till now, liquid crystal polymer (LCP) which exhibits
high heat resistance has been used as reflectors of LED
components. However, deterioration and unevenness are
generated by using LCP for long period.

Due to solve the problem of LCP, modified polyester resin
having high heat resistance is used instead of LCP. Modified
polyester resin having high heat resistance should exhibit
high heat resistance during the manufacture of a light
emitting diode, excellent reflectance with an initial high
whiteness index. At the same time, modified polyester resin
used in LEDs should exhibit minimal deterioration of white-
ness resulting from yellowing. Also, modified polyester
resin used in LEDs should exhibit the ability to block the
flow of electricity.

LEDs generally include a semiconductor emitting a light,
alead wire, a reflector as a housing, and a transparent sealing
product sealing a semiconductor. Among these, the reflector
can be made by various materials such as ceramic or heat
resistant plastics. Productivity, however, of ceramics can be
problematic, and heat resistant plastic can have decreased
optical reflectance resulting from a change in color during
the injection molding process.

The present invention relates to new modified polyester
resin having high heat resistance that can substitute ceramic
or heat resistant plastic used in reflectors of LEDs.

PURPOSE OF THE INVENTION

The present invention provides a polyester resin compo-
sition that can have excellent yellowing resistance.
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2

The present invention also provides a polyester resin
composition that can have good impact resistance.

The present invention further provides a polyester resin
composition that can have excellent yellowing resistance
and impact resistance without deterioration of reflectance
and heat resistance.

These and other objects will be achieved by the present
invention as described below.

SUMMARY OF THE INVENTION

The polyester resin composition of the present invention
includes (A) 100 parts by weight of high heat resistant
polyester resin including a main chain derived from aro-
matic dicarboxylic acid and cycloaliphatic diol and having a
melting point of 200° C. or more; (B) 0.1 to 80 parts by
weight of white pigment; and (C) 1 to 40 parts by weight of
polyolefin copolymer.

In exemplary embodiments of the invention, the polyester
resin composition of the present invention includes (A) 100
parts by weight of high heat resistant polyester resin includ-
ing a main chain derived from aromatic dicarboxylic acid
and cycloaliphatic diol and having a melting point of 200°
C. or more; (B) 0.1 to 80 parts by weight of white pigment;
(C) 1 to 40 parts by weight of polyolefin copolymer; and (D)
1 to 40 parts by weight of high hardness polyester resin
including a main chain derived from aromatic dicarboxylic
acid and aliphatic diol.

The high heat resistant polyester resin (A) of the present
invention may be polycyclohexanedimethylene terephtha-
late (PCT) based resin having repeat units represented by
Chemical Formula 1:

[Chemical Formula 1]

i
O o O e

n

O=0

wherein, n is an integer from 50 to 500.

The high heat resistant polyester resin (A) of the present
invention may comprise diol components which include 15
to 100 mole % of 1,4-cyclohexanedimethanol and 0 to 85
mole % of ethylene glycol.

The high heat resistant polyester resin (A) of the present
invention may comprise diol components further including
one or more C,-C,, aromatic diols, C;-Cg aliphatic diols, or
a combination thereof. The C,-C,, aromatic diols or the
C;-Cy aliphatic diols may comprise propane-1,3-diol,
butane-1,4-diol, pentane-1,5-diol, hexane-1,6-diol, 3-meth-
ylpentane-2,4-diol, 2-methylpentane-1,4-diol, 2,2.4-trimeth-

ylpentan-1,3-diol, 2-ethylhexane-1,3-diol, 2,2-diethylpro-
pane-1,3-diol, 1,4-cyclobutanedimethanol, 2,2-bis-
(hydroxyethoxyphenyl)-propane, 2,2-bis-(4-

hydroxypropoxyphenyl)-propane or a combination thereof.

The white pigment (B) of the present invention may
comprise titanium oxide, zinc oxide, zinc sulfide, white lead,
zinc sulfate, barium sulfate, calcium carbonate, aluminum
oxide, or a combination thereof.

The white pigment (B) of the present invention may be
titanium dioxide having an average particle diameter of 0.05
to 2.0 um.

The polyolefin copolymer (C) of the present invention
may comprise polyethylene, polypropylene, ethylene-pro-
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pylene copolymer or a combination thereof as main chain in
an amount of 70 to 95% by weight.

The polyolefin copolymer (C) of the present invention
may comprise a functional group which has compatibility
with the high heat resistant polyester resin (A) as graft
copolymerized branch in an amount of 5 to 30% by weight.
The functional group which has compatibility with the high
heat resistant polyester resin (A) may comprise an acrylate
group comprising methylacrylate, ethylacrylate or buty-
lacrylate; a modified ester group; an arylate group; an
acrylonitrile group, or a combination thereof.

The high hardness polyester resin (D) may comprise
polybutylene terephthalate (PBT) based resin or polyethyl-
ene terephthalate (PET) based resin.

The polybutylene terephthalate (PBT) based resin may be
polybutylene terephthalate (PBT), copolymer of polybuty-
lene terephthalate (PBT) with polytetramethylene glycol
(PTMGQG), polyethylene glycol (PEG), polypropylene glycol
(PPQG), aliphatic polyester or aliphatic polyamide; or a
combination thereof.

The polyethylene terephthalate (PET) based resin may be
polyethylene terephthalate (PET), a copolymer of polyeth-
ylene terephthalate (PET) with polytetramethylene glycol
(PTMGQG), polyethylene glycol (PEG), polypropylene glycol
(PPQG), aliphatic polyester or aliphatic polyamide; or a
combination thereof.

The polyethylene terephthalate (PET) based resin may be
glycol modified polyethylene terephthalate (PETG) com-
prising terephthalic acid copolymerized with diol compo-
nents which include ethylene glycol in amount of more than
50 mole % and 1,4-cyclohexane dimethanol in amount of
less than 50 mole %. The polyethylene terephthalate (PET)
based resin is not the same as the high heat resistant
polyester resin (A).

The polyester resin composition can further comprise (E)
80 or less parts by weight of filler based on 100 parts by
weight of the high heat resistant polyester resin (A). The
filler (E) may comprise carbon fibers, glass fibers, boron
fibers, glass beads, glass flakes, carbon black, diatomaceous
earth, clay, kaolin, talc, mica, calcium carbonate, wollas-
tonite, potassium titanate whiskers, aluminum boric acid
whiskers, zinc oxide whiskers, calcium whiskers, or a com-
bination thereof. Preferably, an average length of the glass
fiber is 0.1 to 20 mm and an aspect ratio (average length of
the fiber/average external diameter of the fiber) is 10 to
2,000.

The polyester resin composition can further comprise one
or more additives selected from the group consisting of
fluorescence brightening agents, lubricants, release agents,
nucleating agents, antistatic agents, stabilizers, reinforce-
ment materials, inorganic additives, colorants, and combi-
nations thereof.

The polyester resin composition of the present invention
has an initial reflectance measured at a 440 nm wavelength
light of 90% or more, a reflectance reduction measured after
the specimen is illuminated by a LED light source having a
wavelength of 440 nm for 144 hours under constant tem-
perature and humidity conditions, and in particular in an
oven at a temperature of 85° C. and relative humidity of 85%
less than 10%,

The polyester resin composition of the present invention
has a change of yellowing index (AYI) measured after the
specimen is illuminated by a LED light source having a
wavelength of 440 nm for 144 hours under constant tem-
perature and humidity conditions, and in particular in an
oven at a temperature of 85° C. and relative humidity of 85%
of less than 5.
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The polyester resin composition of the present invention
has an unnotched Izod impact strength of 18 kgf-cm/cm or
more measured in accordance with ASTM D256 with a
thickness of %&".

The present invention provides a molded article prepared
from the polyester resin composition of the present inven-
tion. Preferably, the molded article may be a reflector for a
LED.

EFFECT OF THE INVENTION

The present invention is to provide polyester resin com-
position that can have excellent reflexibility, heat resistance,
impact strength, and yellowing resistance, that can lead to
lower decrease in reflectance and lower yellowing after
under high temperature/high humidity environment for a
long period time.

DETAILED DESCRIPTION OF THE
INVENTION

The polyester resin composition of the present invention
includes (A) 100 parts by weight of high heat resistant
polyester resin including a main chain derived from aro-
matic dicarboxylic acid and cycloaliphatic diol and having a
melting point of 200° C. or more, (B) 0.1 to 80 parts by
weight of white pigment, and (C) 1 to 40 parts by weight of
polyolefin copolymer.

(A) High Heat Resistant Polyester Resin

The polyester resin composition of the present invention
used in an article of reflectors for LEDs should have
excellent heat resistance during the manufacture of a light
emitting diode.

To impart heat resistance the polyester resin should have
a high melting point. But, if the melting point is too high,
formability may be deteriorated. In exemplary embodiments
the melting point of the high heat resistant polyester resin
(A) is 200° C. or more, preferably 220 to 320° C.

The high heat resistant polyester resin (A) has main chain
which is derived from aromatic dicarboxylic acid and
cycloaliphatic diol. When the polymer includes a cyclic
structure in the main chain, the polymer has high melting
point.

The dicarboxylic acid of the high heat resistant polyester
resin (A) may include an aromatic dicarboxylic acid and
derivatives thereof. Examples of the aromatic dicarboxylic
acid can include without limitation terephthalic acid,
isophthalic acid, naphthalene dicarboxylic acid and the like,
and combinations thereof. Examples of the derivatives of the
aromatic dicarboxylic acid can include without limitation
dimethylterephthalate and the like, and combinations
thereof. The diol component of the high heat resistant
polyester resin (A) can include a cycloaliphatic diol to form
repeat cyclic units. Preferably, 1,4-cyclohexanedimethanol
(CHDM) can be used.

The high heat resistant polyester resin (A) can include
polycyclohexanedimethylene terephthalate (PCT) based
resin having repeat units represented by Chemical Formula
1 prepared by condensation polymerizing terephthalic acid
with 1,4-cyclohexanedimethanol.

[Chemical Formula 1]

i
4©7 o O e

n

0O=0
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wherein n is an integer from 50 to 500.

The diol component may further include an aliphatic diol
such as ethylene glycol (EG) in addition to 1,4-cyclo-
hexanedimethanol. When the diol of the polyester includes
both a cycloaliphatic diol such as CHDM and an aliphatic
diol such as EG, then the diol can include 15 to 100 mole %
of 1,4-cyclohexanedimethanol and 0 to 85 mole % of
ethylene glycol, for example 30 to 100 mole % of 1,4-
cyclohexanedimethanol and 0 to 70 mole % of ethylene
glycol. When ethylene glycol is included as diol component,
preferably the high heat resistant polyester resin (A) is
glycol modified polycyclohexanedimethylene terephthalate
(PCTG) rein or glycol modified polyethylene terephthalate
(PETG) resin.

When ethylene glycol is included as diol component,
impact resistance of high heat resistant polyester resin (A) is
improved. However, if the amount of the ethylene glycol is
more than 85 mole %, heat resistance may be deteriorated by
reduced copolymerization ratio of 1,4-cyclohexanedimetha-
nol.

The diol component may further include one or more
C4-C,, aromatic diols, C;-Cy aliphatic diols, or a combina-
tion thereof to modify the high heat resistant polyester resin
(A). Examples of the C4-C,, aromatic diols or C;-Cy ali-
phatic diols may include without limitation propane-1,3-
diol, butane-1,4-diol, pentane-1,5-diol, hexane-1,6-diol,
3-methylpentane-2,4-diol, 2-methylpentane-1,4-diol, 2,2.4-
trimethylpentan-1,3-diol, 2-ethylhexane-1,3-diol, 2,2-dieth-

ylpropane-1,3-diol, 1,4-cyclobutanedimethanol, 2,2-bis-
(hydroxyethoxyphenyl)-propane, 2,2-bis-(4-
hydroxypropoxyphenyl)-propane and the like, or a

combination thereof.

The intrinsic viscosity of the high heat resistant polyester
resin (A) can be 0.4 to 1.5 dl/g, for example 0.5 to 1.1 dl/g,
measured in o-chlorophenol solution at 25° C. If the intrinsic
viscosity of the high heat resistant polyester resin (A) is less
than 0.4 dl/g, mechanical properties may be deteriorated. If
the intrinsic viscosity of the high heat resistant polyester
resin (A) is greater than 1.5 dl/g, formability may be
deteriorated.

The high heat resistant polyester resin (A) can be prepared
by conventional condensation polymerization. These meth-
ods include condensation polymerizing by transesterifica-
tion using glycol or low-grade alkylester.

(B) White Pigment

The polyester resin composition of the present invention
includes white pigment (B) as an essential element to
minimize the change of yellowing and impart good reflec-
tance.

Examples of the white pigment (B) may include without
limitation titanium oxide, zinc oxide, zinc sulfide, white
lead, zinc sulfate, barium sulfate, calcium carbonate, alumi-
num oxide and the like. The white pigment (B) may be used
alone or in combinations thereof.

Further, the white pigment (B) may be surface treated
with a coupling agent, such as a silane coupling agent,
titanium coupling agent, and the like, and combinations
thereof. Examples of the coupling agent may include with-
out limitation vinyltriethoxysilane, 3-aminopropyltriethox-
ysilane, 3-glycidoxypropyltriethoxysilane and the like, and
combinations thereof.

The white pigment (B) may be titanium dioxide (TiO,),
which can improve optical properties such as reflectance and
hiding properties. Any conventional titanium dioxide may
be used for the present invention. The titanium dioxide is not
limited to any particular method of making the same, and
conventional preparation methods may be used. Further, the
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titanium dioxide of the present invention is not limited by
particle size. The titanium dioxide can have an average
particle diameter of 0.05 to 2.0 um, for example 0.05 to 0.7
pm.

The titanium dioxide treated by an inorganic or organic
surface treatment agent can be used.

Examples of the inorganic surface treatment agent can
include without limitation aluminum oxide (alumina,
Al,O,), silicon dioxide (silica, Si0,), zircon dioxide (zirco-
nia, ZrO,), sodium silicate, sodium aluminate, sodium sili-
cate aluminum, zinc oxide, mica and the like. The inorganic
surface treatment agent may be used alone or in combina-
tions thereof.

Examples of the organic surface treatment agent can
include without limitation polydimethylsiloxane, trimethyl-
propane (TMP), pentaerythritol and the like. The organic
surface treatment agent may be used alone or in combina-
tions thereof.

The titanium dioxide may be coated with about 5 parts by
weight or less of the inorganic or organic surface treatment
agent, based on 100 parts by weight of titanium dioxide.
Preferably, the titanium dioxide may be coated with less than
5 parts by weight of Al,O; as an inorganic surface treatment
agent, based on 100 parts by weight of titanium dioxide.

In another embodiment of the invention, the titanium
dioxide coated by the Al,O; can be further coated by another
inorganic surface treatment agent such as but not limited to
Si0,, ZrO,, sodium silicate, sodium aluminate, sodium
silicate aluminum, mica and the like and combinations
thereof, and/or an organic surface treatment agent such as
but not limited to polydimethylsiloxane, trimethylpropane
(TMP), pentaerythritol and the like, and combinations
thereof.

The polyester resin composition of the present invention
can include the white pigment (B) in an amount of 0.1 to 80
parts by weight, preferably 5 to 70 parts by weight, based on
100 parts by weight of the high heat resistant polyester resin
(A). If the polyester resin composition includes the white
pigment (B) in an amount less than 0.1 parts by weight,
reflectance and yellowing resistance may be deteriorated. If
the polyester resin composition includes the white pigment
(B) in an amount greater than 80 parts by weight, impact
strength resistance may be deteriorated.

(C) Polyolefin Copolymer

The polyester resin composition of the present invention
comprises (C) polyolefin copolymer having structure of
branched graft copolymer in which polyolefin is main chain
and compound including functional group is grafted in the
main chain to impart non-yellowing properties and to
modify impact resistance. The polyolefin copolymer (C) can
be prepared by compound including functional group such
as acrylate group, modified ester group, arylate group,
acrylonitrile group, or a combination thereof is graft copo-
lymerized on the main chain of the polyolefin.

The polyolefin copolymer (C) may comprise polyethyl-
ene, polypropylene, ethylene-propylene copolymer or a
combination thereof as main chain in an amount of 70 to
95% by weight.

The compound including functional group may be branch
part by graft copolymerizing into the polyolefin, and have
compatibility with the high heat resistant polyester resin (A).
Preferably, examples of the compound including functional
group include without limitation acrylate group such as
methylacrylate, ethylacrylate or butylacrylate; modified
ester group; arylate group; acrylonitrile group, and the like,
or a combination thereof.



US 9,437,790 B2

7

The compound including functional group can be used in
an amount of 5 to 30% by weight, preferably 7 to 25% by
weight. If the amount of the compound including functional
group is less than 5% by weight, exfoliation (also delami-
nation or peeling) may occur due to deteriorating miscibility
with the high heat resistant polyester resin (A). If the amount
of the compound including functional group is more than
30% by weight, impact resistance may be deteriorated due
to deteriorating impact modifier.

The polyester resin composition of the present invention
can include the polyolefin copolymer (C) in an amount of 1
to 40 parts by weight, preferably 1 to 30 parts by weight,
more preferably 1.5 to 20 parts by weight based on 100 parts
by weight of the high heat resistant polyester resin (A). If the
polyester resin composition includes the polyolefin copoly-
mer (C) in an amount less than 1 parts by weight, improved
effect of impact strength resistance and yellowing resistance
may be incomplete. If the polyester resin composition
includes the polyolefin copolymer (C) in an amount greater
than 40 parts by weight, heat resistance may be deteriorated.

In exemplary embodiments of the invention, the polyester
resin composition of the present invention includes (A) 100
parts by weight of high heat resistant polyester resin includ-
ing a main chain derived from aromatic dicarboxylic acid
and cycloaliphatic diol and having a melting point of 200°
C. or more than, (B) 0.1 to 80 parts by weight of white
pigment, (C) 1 to 40 parts by weight of polyolefin copoly-
mer, and (D) 1 to 40 parts by weight of high hardness
polyester resin including a main chain derived from aro-
matic dicarboxylic acid and aliphatic diol.

(D) High Hardness Polyester Resin

The polyester resin composition of the present invention
further comprises (D) high hardness polyester resin includ-
ing a main chain derived from aromatic dicarboxylic acid
and aliphatic diol to improve hardness without deterioration
of heat resistance.

The high hardness polyester resin (D) comprises polybu-
tylene terephthalate (PBT) based resin or polyethylene
terephthalate (PET) based resin.

The polybutylene terephthalate (PBT) based resin can be
prepared by esterification or trans esterification of 1,4-
butandiol with terephthalic acid or dimethylterephthalate.

The polybutylene terephthalate (PBT) based resin com-
prises modified polybutylene terephthalate (PBT) with
impact-improving ingredient to impart impact resistance.
The polybutylene terephthalate (PBT) based resin comprises
the modified polybutylene terephthalate (PBT); with poly-
tetramethylene glycol (PTMG), polyethylene glycol (PEG),
polypropylene glycol (PPG), low molecular weight aliphatic
polyester or low molecular weight aliphatic polyamide; or a
combination thereof. The article using the modified poly-
butylene terephthalate (PBT) with impact-improving ingre-
dient can have improved impact resistance.

The polyethylene terephthalate (PET) based resin can be
prepared by condensation polymerization according to
esterification or trans-esterification of ethylene glycol with
terephthalic acid or dimethylterephthalate.

The polyethylene terephthalate (PET) based resin com-
prises modified polyethylene terephthalate (PET) with
impact-improving ingredient to impart impact resistance.
The polyethylene terephthalate (PET) based resin is copo-
lymer of the modified polyethylene terephthalate (PET);
with polytetramethylene glycol (PTMG), polypropylene
glycol (PPG), low molecular weight aliphatic polyester or
low molecular weight aliphatic polyamide; and combination
thereof. The article using the modified polyethylene
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terephthalate (PET) with impact-improving ingredient can
have improved impact resistance.

The polyethylene terephthalate (PET) based resin may be
glycol modified polyethylene terephthalate (PETG) copoly-
merized terephthalic acid with diol components which
include ethylene glycol in amount of more than 50 mole %
and 1,4-cyclohexane dimethanol in amount of less than 50
mole %. The glycol modified polyethylene terephthalate
(PETQG) is not the same as the high heat resistant polyester
resin (A). When the glycol modified polyethylene terephtha-
late (PETG) is used, impact resistance is improved without
deterioration of heat resistance.

The intrinsic viscosity of the high hardness polyester resin
(D) can be 0.36 to 1.60 dl/g, preferably 0.52 to 1.25 dl/g,
measured in o-chlorophenol solution at 25° C. If the intrinsic
viscosity of the high hardness polyester resin (D) is less than
0.36 dl/g, mechanical properties may be deteriorated. If the
intrinsic viscosity of the high hardness polyester resin (D) is
greater than 1.60 dl/g, formability may be deteriorated.

The polyester resin composition of the present invention
can include the high hardness polyester resin (D) in an
amount of 1 to 40 parts by weight, based on 100 parts by
weight of the high heat resistant polyester resin (A). If the
polyester resin composition includes the high hardness poly-
ester resin (D) in an amount less than 1 part by weight,
hardness may be deteriorated. If the polyester resin compo-
sition includes the high hardness polyester resin (D) in an
amount greater than 40 parts by weight, heat resistance may
be deteriorated.

(E) Filler

The polyester resin composition of the present invention
can include filler (E) that has particles of various forms in
order to improve mechanical properties, heat resistance and
dimensional stability of the resin composition. The polyester
resin composition can include the filler (E) in an amount of
less than 80 parts by weight, based on 100 parts by weight
of the high heat resistant polyester resin (A). In the range of
the amount of the filler (E), mechanical properties, heat
resistance and moldability may be improved.

In the present invention, any conventional organic and/or
inorganic filler can be used. Exemplary filler includes with-
out limitation carbon fibers, glass fibers, boron fibers, glass
beads, glass flakes, carbon black, diatomaceous earth, clay,
kaolin, talc, mica, calcium carbonate, or combination
thereof. Examples of filler in needle form include without
limitation wollastonite, potassium titanate whiskers, alumi-
num boric acid whiskers, zinc oxide whiskers, calcium
whiskers, or a combination thereof.

Filler in the form of needles can be used, which can
provide an article with excellent surface smoothness. Also,
glass fiber, wollastonite, potassium titanate whiskers and
aluminum boric acid whiskers can be used to provide high
whiteness.

Preferably among the fillers (E), glass fiber can be used,
which can improve moldability, mechanical properties such
as and heat resistance, such as tensile strength, flexural
strength and flexural modulus, and heat properties, such as
heat deflection temperature (HDT).

The average length of the glass fiber can be 0.1 to 20 mm,
preferably 0.3 to 10 mm. The aspect ratio (average length of
the fiber/average external diameter of the fiber) can be 10 to
2,000, preferably 30 to 1,000. When the glass filler has an
aspect ratio in the above range, impact strength can be
improved.
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The glass fiber can have a circular or round cross section.
The present invention, however, is not limited to the use of
fibers with round cross sections, and accordingly fibers with
other cross sectional shapes can also be used.

(F) Additive

The polyester resin composition of the present invention
may further include one or more additives(s) such as but not
limited to fluorescence brightening agents, lubricants,
release agents, nucleating agents, antistatic agents, stabiliz-
ers, reinforcement materials, inorganic additives, colorants
such as dyes or pigments, and the like, and combinations
thereof.

The fluorescence brightening agents play a role of
enhancing light reflectance of polyamide resin composition.
Exemplary fluorescence brightening agents include without
limitation stilbene-bis benzoxazole derivatives such as 4-(2-
benzoxazoleyl)-4'-(5-methyl-2-benzoxazoleyl)stilbene, 4,4'-
bis(2-benzoxazoleyl)stilbene, and the like, and combina-
tions thereof.

Exemplary release agents include without limitation poly-
mers containing fluorine, silicon oils, metal salts of stearic
acid, metal salts of montanic acid, ester waxes of montanic
acid, polyethylene waxes, and the like, and combinations
thereof. Exemplary nucleating agents include without limi-
tation talc, clay, and the like, and combinations thereof.

The polyamide resin composition of the present invention
has an initial reflectance measured at a 440 nm wavelength
light of more than 90%, a reflectance reduction measured
after the specimen is illuminated by a LED light source
having a wavelength of 440 nm for 144 hours under constant
temperature and humidity conditions, and in particular in an
oven at a temperature of 85° C. and relative humidity of 85%
of less than 10%, and a change of yellowing index (AYI)
measured after the specimen is illuminated by a LED light
source having a wavelength of 440 nm for 144 hours under
constant temperature and humidity conditions, and in par-
ticular in an oven at a temperature of 85° C. and relative
humidity of 85% of less than 5.

The polyester resin composition of the present invention
has an unnotched Izod impact strength of 18 kgf‘cm/cm or
more measured in accordance with ASTM D256 with a
thickness of %4".

Accordingly, the polyester resin composition of the pres-
ent invention can be used in articles requiring excellent heat
resistance and humidity resistance. The polyester resin com-
position of the present invention not only can have excellent
reflectance and impact strength by including proper amounts
of' white pigment, but also can have improved heat resistance
and humidity resistance. Accordingly, the composition can
exhibit only a slight decline in reflectance and change of
yellowing after exposure to a constant temperature and
constant humidity. Therefore, the polyester resin composi-
tion can be used as a LED reflector material which can be
continuously exposed to a high temperature environment.

The polyester resin composition of the present invention
can be adapted not only for LED applications but also for
other applications reflecting light beams. For example, the
polyester resin composition can be used in a reflector plate
for a light emitting device such as various electric/electronic
products, indoor lighting, indicators, outdoor lighting, auto-
mobile lighting, displays, and headlights, among others.

The invention may be better understood by reference to
the following examples which are intended for the purpose
of illustration and are not to be construed as in any way
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limiting the scope of the present invention, which is defined
in the claims appended hereto.

EXAMPLES

The specifications of each component in the following
Examples and Comparative Examples are as given below.

(A) High heat resistant polyester resin

(A,) Polycyclohexanedimethylene terephthalate (PCT)

Poly(cyclohexanedimethyleneterephthalate) prepared by
condensation polymerizing terephthalic acid with 1,4-cyclo-
hexanemethanol is used. The intrinsic viscosity of the PCT
resin is 0.6 dl/g and its melting point is 290° C.

(A,) Glycol modified polycyclohexanemethylene
terephthalate (PCTG)

Glycol modified polycyclohexanemethylene terephthalate
(PCTG) prepared by condensation polymerizing
terephthalic acid, 1,4-cyclohexanemethanol and ethylene
glycol is used. The intrinsic viscosity of the PCTG resin is
0.6 dl/g and its melting point is 270° C.

(A" Liquid crystal polymer (LCP)

A liquid crystal polyester resin with a melting point of
340° C. is used.

(B) White Pigment

Titanium dioxide commercially available as Kronos 2233
with an average particle diameter of 0.25 pm manufactured
by Kronos Co., LTD is used.

(C) Polyolefin Copolymer

ELVAFLEX A714 in which main chain is polyethylene
and functional group of graft copolymerization is ethylacry-
late manufactured by Dupont Company is used.

(D) High Hardness Polyester Resin

(D,) Poybutylene Terephthalate (PBT) Polybutylene
terephthalate prepared by condensation polymerizing
terephthalic acid with 1,4-butandiol is used. The intrinsic
viscosity of the PBT is 0.8 dl/g in o-chlorophenol solution,
and its melting point is 225° C.

(D,) Polyethylene Terephthalate (PET)

Polyethylene terephthalate prepared by condensation
polymerizing terephthalic acid with ethylene glycol is used.
The intrinsic viscosity of the PET is 0.8 dl/g in o-chloro-
phenol solution, and its melting point is 260° C.

(D3) Glycol Modified Polyethylene Terephthalate
(PETG)

Glycol modified polyethylene terephthalate prepared by
condensation polymerizing terephthalic acid with diol com-
ponent which includes 10 mole % of 1,4-cyclohexanedime-
thanol and 90 mole % of ethylene glycol is used. The
intrinsic viscosity of the PET is 0.8 dl/g in o-chlorophenol
solution, and its melting point is 250° C.

(E) Filler

Glass fiber 910 with an aspect ratio of 230 manufactured
by Owens Corning Co., LTD. is used.

Physical properties are measured by the following
method:

(1) Heat resistance (HDT, © C.): The heat resistance
measured in accordance with ASTM D648 with a thickness
of 14" under a pressure of 1.82 MPa.

(2) Reflectance (%): Initial reflectance (SCI, specular
component included) at a wavelength of 440 nm is measured
according to CIE Lab color difference evaluation criteria
using a Minolta 3600D spectrophotometer, and then is
measured again after maintaining the specimen under con-
ditions temperature of 85° C. and 85% relative humidity of
144 hours. The decrease in reflectance is evaluated.

(3) Yellow index (YI): Initial yellow index is measured
according to CIE Lab color difference evaluation criteria
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using a Minolta 3600D spectrophotometer, and then is
measured again after maintaining the specimen under con-
ditions of 85° C. and 85% relative humidity for 144 hours.
The change of yellow index is evaluated.

12

Examples 1 to 5 and Comparative Examples 1 to 6

The composition in amounts shown in the following
Tables 1 are extruded through a conventional extruder

(4) Izod Impact strength (unnotched, kgf-cm/cm): The 5 heated by 240 to 350° C. and pellets for resin composition
Izod impact strength is measured in accordance with ASTM are prepared. After drying the prepared pellets at tempera-
D256 with a thickness of 14". ture of 120° C. for more than 5 hours, a specimen is prepared

(5) Flexural modulus (FM, MPa): The flexural modulus is using a twin screw extruder heated by 240 to 330° C.
measured in accordance with ASTM D790 with a thickness In the following Table 1, the mixture ratio of (A), (B), (C)
of 14" and (E) are represented based on 100 parts by weight of (A).

TABLE 1
Examples Comparative Examples
Component 1 2 3 4 5 1 2 3 4 5 6
(A) (A) 100 100 100 100  — 100 100 100 100 100 = —
PCT
(A)) — -  — 100 @ — _ - = =
PCTG
(A) LCP - - - = = —  —  — 100
(B) White 20 20 40 40 20 20 20 — 90 — 40
Pigment
(©) 10 20 20 20 20 — 5 20 20 — 20
Polyolefin
Copolymer
(E) Filler 40 40 40 20 40 40 40 20 40 20 20

(Unit: parts by weight)

Heat resistance, reflectance, yellow index, and impact
strength of specimen, which is prepared according to Table
1, are evaluated according to said methods, and the results
are recorded in Table 2.

TABLE 2
Examples Comparative Examples

1 2 3 4 5 1 2 3 4 5 6

HDT(° C.) 245 240 242 230 230 260 206 230 232 253 320

Reflectance  Before 932 943 947 952 945 937 944 423 936 40.6 833
(%, SCI) isothermal/
isohumidity

After 881 89.1 899 90.0 892 871 883 203 84 198 526
isothermal/
isohumidity

Reflectance 5.1 52 48 52 53 66 61 220 42 208 307
Reduction

Yellow Before 24 24 22 20 25 24 24 152 22 163 8.9
Index isothermal/
(YD) isohumidity

After 58 54 50 49 56 60 53 283 50 291 284
isothermal/
isohumidity

AYI 34 30 28 29 31 36 29 131 28 128 195

Izod Impact Strength 23.6 254 223 227 214 147 273 266 118 158 143

(kgf - em/cm)
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As shown in Table 2, the polyester resin compositions of
Examples 1 to 5 have excellent yellowing resistance and
impact resistance without deterioration of heat resistance
and reflexibility.

14
rated. Comparative Example 6 which uses liquid crystal
polymer (A'"), reflectance, non-yellowing properties and
impact resistance are deteriorated.

On the other hand, Comparative Example 1 without 5 Examples 6 to 12 and Comparative Examples 7 to
polyolefin copolymer (C), impact resistance is deteriorated. 11
Comparative Example 3 without white pigment (B), reflec-
tance and non-yellowing properties are deteriorated. Com- The composition in amounts shown in the following
parative Example 2 which uses polyolefin copolymer (C) Tables 3 are extruded through a conventional extruder
beyond the range of an amount of the present invention, heat 10 heated by 240 to 350° C. and pellets for resin composition
resistance is deteriorated. Further, Comparative Example 4 are prepared. After drying the prepared pellets at tempera-
which uses white pigment (B) beyond the range of an ture of 120° C. for 5 hours or more, a specimen is prepared
amount of the present invention, impact resistance is dete- using a twin screw extruder heated by 240 to 330° C.
riorated. And, Comparative Example 5 without both white In the following Table 3, the mixture ratio of (A), (A"),
pigment (B) and polyolefin copolymer (C), reflectance, 15 (B), (C), (D) and (E) are represented based on 100 parts by
non-yellowing properties and impact resistance are deterio- weight of (A).
TABLE 3
Examples Comparative Examples
Component 6 7 8 9 10 11 12 7 8 9 10 11
(A) (A) 100 100 100 100 100 100  — 100 100 100 100  —
PCT
Ay - - - = = — 100 - - = = =
PCTG
(AyLcp — - - = = - = = — = — 100
(B) White 200 20 40 40 40 40 40 40 40 — — 40
Pigment
(©) 10 20 20 20 20 20 2 20 20 20 — 20
Polyolefin
Copolymer
(D) (DY 0 20 20 20 — — 20 — 60 20 — 20
PBT
O e
PET
o - = = = - 20 - - = = = —
PETG
(E) Filler 40 40 40 20 40 40 40 40 40 40 20 40
(Unit: parts by weight)
Heat resistance, reflectance, yellow index, impact strength
40 and flexural modulus of specimen, which is prepared
according to Table 3, are evaluated according to said meth-
ods, and the results are recorded in Table 4.
TABLE 4
Examples Comparative Examples
6 7 8 9 10 11 12 7 8 9 10 11
HDT(° C.) 248 242 246 233 247 243 237 242 250 232 253 323
Reflectance  Before 93.0 94.5 94.9 951 948 947 950 947 950 420 406 835
(%, SCI) isothermal/
isohumidity
After 87.7 89.1 89.8 899 898 895 8.7 899 8.8 197 198 530
isothermal/
isohumidity
Reflectance 53 5.4 5.1 5.2 5.0 5.2 53 4.8 52 223 208 305
Reduction
Yellow Before 2.5 2.7 2.3 2.1 2.2 23 2.5 2.2 24 154 163 8.4
Index isothermal/
(YD) isohumidity
After 5.8 5.9 5.2 5.1 53 53 5.6 5.0 54 286 291 274
isothermal/
isohumidity
AYI 33 3.2 2.9 3.0 3.1 3.0 3.1 2.8 3.0 132 128 190
Izod Impact Strength 22.0 23.1 20.9 237 206 220 201 223 169 251 158 121
(kgf - cm/em)
Flexural Modulus 7300 7200 7250 7070 7280 7200 7170 6900 7500 7000 6850 8600

(MPa)
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As shown Table 4, the polyester resin compositions of
Examples 6 to 12 do not have deteriorated heat resistance,
reflectance, non-yellowing properties and impact resistance
and also have hardness.

On the other hand, Comparative Example 7 without high
stiffness polyester resin (D) has good heat resistance, reflex-
ibility, yellowing resistance, and impact resistance, but has
deteriorated stiffness. Comparative Example 9 without white
pigment (B) has deteriorated reflexibility and yellowing
resistance. Comparative Example 8 using high stiffness
polyester resin (D) with the content beyond the present
invention has deteriorated impact resistance. Comparative
Example 10 without stiffness polyester resin (D), white
pigment (B) and polyolefin copolymer (C) has deteriorated
reflexibility, yellowing resistance, impact resistance, and
stiffness. Comparative Example 11 which uses liquid crystal
polyester resin (A'), reflectance and non-yellowing proper-
ties are deteriorated since difference in reflectance and
yellow index are increased.

Many modifications and other embodiments of the inven-
tion will come to mind to one skilled in the art, and that
modifications and other embodiments are intended to be
included within the scope of the appended claims.

That which is claimed is:

1. A polyester resin composition comprising:

(A) 100 parts by weight of polyester resin, wherein the
polyester resin is an ethylene glycol modified polycy-
clohexanedimethylene terephthalate based resin
including a main chain derived from terephthalic acid
and a diol component including 15 to less than 100
mol % of 1,4-cyclohexanedimethanol and greater than
0 to 85 mol % of ethylene glycol and having a melting
point of 200° C. or more;

(B) 0.1 to 80 parts by weight of white pigment; and

(C) 1 to 40 parts by weight of polyolefin copolymer,

wherein the ethylene glycol modified polycyclohexanedi-
methylene terephthalate based resin (A) includes repeat
units from ethylene glycol and repeat units represented
by Chemical Formula 1:

[Chemical Formula 1]

I I
n

wherein n is an integer from 50 to 500.

2. The polyester resin composition of claim 1, wherein the
diol component of the polyester resin (A) further comprises
one or more C,-C,, aromatic diols, C,-Cg aliphatic diols, or
a combination thereof.

3. The polyester resin composition of claim 2, wherein the
C4-C,, aromatic diols or the C;-Cy aliphatic diols comprise
propane-1,3-diol, butane-1,4-diol, pentane-1,5-diol, hexane-
1,6-diol, 3-methylpentane-2,4-diol, 2-methylpentane-1,4-
diol, 2,2,4-trimethylpentan-1,3-diol, 2-ethylhexane-1,3-diol,
2,2-diethylpropane-1,3-diol,  1,4-cyclobutanedimethanol,
2,2-bis-(hydroxyethoxyphenyl)-propane, 2,2-bis-(4-hy-
droxypropoxyphenyl)-propane or a combination thereof.

4. The polyester resin composition of claim 1, wherein the
white pigment (B) comprises titanium oxide, zinc oxide,
zinc sulfide, white lead, zinc sulfate, barium sulfate, calcium
carbonate, aluminum oxide, or a combination thereof.
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5. The polyester resin composition of claim 1, wherein the
white pigment (B) is titanium dioxide having an average
particle diameter of 0.05 to 2.0 pm.

6. The polyester resin composition of claim 1, wherein the
polyolefin copolymer (C) comprises polyethylene, polypro-
pylene, ethylene-propylene copolymer or a combination
thereof as main chain in an amount of 70 to 95% by weight.

7. The polyester resin composition of claim 1, wherein the
polyester resin composition further comprises one or more
additives selected from the group consisting of fluorescence
brightening agents, lubricants, release agents, nucleating
agents, antistatic agents, stabilizers, reinforcement materi-
als, inorganic additives, colorants, and combinations
thereof.

8. The polyester resin composition of claim 1, wherein the
polyester resin composition has an initial reflectance mea-
sured at a 440 nm wavelength light of 90% or more, a
reflectance reduction measured after the specimen is illumi-
nated by a LED light source having a wavelength of 440 nm
for 144 hours at a temperature of 85° C. and relative
humidity of 85% of less than 10%, and a change of yellow-
ing index (AY]) measured after the specimen is illuminated
by a LED light source having a wavelength of 440 nm for
144 hours at a temperature of 85° C. and relative humidity
of 85% of less than 5.

9. The polyester resin composition of claim 1, wherein the
polyester resin composition has an Izod impact strength of
18 kgfecm/cm or more measured in accordance with ASTM
D256 with a thickness of 14".

10. The polyester resin composition of claim 1, wherein
the polyolefin copolymer (C) comprises a functional group
which has compatibility with resistant polyester resin (A) as
a graft copolymerized branch in an amount of 5 to 30% by
weight.

11. The polyester resin composition of claim 10, wherein
the functional group which has compatibility with the poly-
ester resin (A) comprises an acrylate group comprising
methylacrylate, ethylacrylate or butylacrylate, a modified
ester group, an arylate group, an acrylonitrile group, or a
combination thereof.

12. The polyester resin composition of claim 1, wherein
the polyester resin composition further comprises 80 parts
by weight or less of a filler (E) based on 100 parts by weight
of the polyester resin (A).

13. The polyester resin composition of claim 12, wherein
the filler (E) comprises carbon fibers, glass fibers, boron
fibers, glass beads, glass flakes, carbon black, diatomaceous
earth, clay, kaolin, talc, mica, calcium carbonate, wollas-
tonite, potassium titanate whiskers, aluminum boric acid
whiskers, zinc oxide whiskers, calcium whiskers, or a com-
bination thereof.

14. The polyester resin composition of claim 13, wherein
the glass fibers have an average length of 0.1 to 20 mm, and
an aspect ratio of 10 to 2,000.

15. The polyester resin composition of claim 1, further
comprising (D) 1 to 40 parts by weight of polyester resin
including a main chain derived from aromatic dicarboxylic
acid and aliphatic diol based on 100 parts by weight of the
polyester resin (A).

16. The polyester resin composition of claim 15, wherein
the polyester resin (D) comprises polybutylene terephthalate
based resin or polyethylene terephthalate based resin.

17. The polyester resin composition of claim 16, wherein
the polyethylene terephthalate based resin is polyethylene
terephthalate, a copolymer of polyethylene terephthalate
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with polytetramethylene glycol, polypropylene glycol, ali-
phatic polyester, aliphatic polyamide, or a combination
thereof.

18. The polyester resin composition of claim 16, wherein
the polybutylene terephthalate based resin is polybutylene
terephthalate, a copolymer of polybutylene terephthalate
with polytetramethylene glycol, polyethylene glycol, poly-
propylene glycol, aliphatic polyester, aliphatic polyamide,
or a combination thereof.

19. The polyester resin composition of claim 16, wherein
the polyethylene terephthalate based resin is glycol modified
polyethylene terephthalate comprising terephthalic acid
copolymerized with diol components which include ethyl-
ene glycol in amount of more than 50 mole % and 1,4-
cyclohexane dimethanol in amount of less than 50 mole %,
wherein the polyethylene terephthalate based resin is not the
same as the polyester resin (A).

20. A molded article prepared from the polyester resin
composition of claim 1.

21. The molded article of claim 20, wherein the molded
article is a reflector for a LED.

#* #* #* #* #*
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